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FOREWORD

This Final Report on the Vehicular Intercommuni-
cations System Study, Contract DAAB07-77-C-0189, is submitted
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East Pontiac Street, Fort Wayne, Indiana 46803. Technical
Monitor is Mr. Glenn Williman, DRDCO-COM-RN-3. ITT-A/OD
Report Number is 311A002.
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i1 INTRODUCTION

The Vehicular Intercommunications System (VIS)
study was implemented to provide a baseline vehicular inter-
com primarily for tracked vehicles which would be the repla-
cement for the presently used AN/VIC-1 intercom system. The
new VIS was to incorporate today's technology into a baseline
system which would provide an improvement in audio quality,
operational capability over the AN/VIC-1 intercom and would
also interface with the SINCGARS-V VHF-FM radio currently
under development. Part of the operational capability impro-
vement was to investigate applicability of a "wireless"
intercom system. How a wireless system would be implemented
and what technique would operate best in the wireless inter-
com transmission medium were investigated. The primary
design areas addressed in the investigation to form the base-
line system were:

Control technigues

Signaling techniques

Techniques/or wireless intercom

Voice actuated switch (VOX) techniques

To provide a system which would best fulfill the
intercom requirements, interviews with users at Fort Knox and
at CORADCOM were held to provide a good base from which the
intercom was configured. The major considerations used in
developing the system configuration were:

® Operational simplicity

e Ease of installation as a new system

® Retrofit capability into current field equip-
ment

® Assurance of correct system operation (BITE)

System configuration, mechanical configuration
and piece part selection for the VIS were monitored by the
Logistics Support Analysis (LSA) group to assure that the
system was easy to maintain, logistically readily supportable
and would have a low life cycle cost.

The culmination of the study, resulted in an
intercom system which when compared to the current AN/VIC-1
has fewer components, has expanded operational capability,
and is capable of being packaged in the same size as the pre-
sent intercom components.

The VIS is configured as two subsystems. The
first is the cabled system which meets all of the require-
ments of the procuring specification DS-AF-0246A(A) and
requires cabling between the corresponding crew station. The
second subsystem adds crewmember wireless capability to the
first subsystem,




As a result of the ITT-A/OD study a micropro-
cessor was implemented into the baseline system as the
central controller. A TDM multiplex signaling system will be
used along with the implementation of the Continuously
Variable Slope Delta modulator (CVSD) devices for the analog-
to-digital and digital-to-analog conversion of the audio
signal which is multiplexed with the control signals for
routing between the command station and the crew station.

Two wireless techniques are recommended, depending on actual
wireless requirement. For internal use in the tracked
vehicle an infrared (IR) system is best suited and if both
internal and external use is required, a UHF FM system will
best fulfill the wireless requirements.

This report highlights the study effort and defi-
nes the criteria and data used in selecting techniques which
form the baseline VIS.




2 INTERCOM SYSTEM REQUIREMENTS AND SYSTEM
DEFINITION

The initial effort in the VIS study was to
establish the requirements of the intercom system. Sources
for this information were specification DS-AF-0246A(A)
CORADCOM, and Fort Knox. The new intercom will incorporate
technology improvements to provide the following:

Electrical Requirements -

e Improved audio quality

e Improved operation capability

e Compatible with AN/VRC-12 and SINCGARS-V radios

e Provide remote control for SINCGARS-V

® Reduce cabling between crew and command
stations

e Utilization of fewer slip rings in turret type
vehicles

® Have the capability to operate as a secured
system with COMSEC equipped radios
e Provide hands free intercom operation

Mechanical Requirements

® Ruggedize failure points in the AN/VIC-1
(binding posts, volume control, external
microphone cable)

e Ease of installation in either the M-60 or XM-
1 tanks

These major requirements were used to guide the deve-
lopment of the intercom system and also to measure the appli-
cability of control, signaling and wireless techniques
examined for use 1in the intercom system.

Intercom Configuration

The VIS is required by the specification to pro-
vide intercom and radio access to eight users. One of these
users will be defined as the external station whose intercom
and radio access will be controlled by the commander. The
intercom system was developed to provide the specified func-
tional requirements with the fewest number of components
possible. Of the several configurations considered, the
intercom shown in Figure 2-1 best fulfilled the requirements.
This system requires three components for a cabled intercom
system.

e Commander's control station
@ Internal crew station
® External crew station
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The external crew station has a very specific use
and is controlled at the commander's station for its opera-
tion. WIthout this special need, the intercom system would
contalin only two components.

The commander's station can also be utilized as
an auxiliary commander's station with no modification. The
auxiliary command station can perform the same radio control
functions as the command station, and both stations will be
updated when a radio control change is made.

When the wireless requirement is considered three
additional components are added to the system.

@ Internal wireless crew station
@ Wireless crew set
e External wireless crew station

The wireless components when added to the intercom system do
not require change to the cabled subsystem and therefore can
be added to or taken out of the system at will. The VIS with
wireless components is shown in Figure 2-2.

The intercom system must provide the following
capabilities:

Commander's Control Station

a. Radio Equipment Control

1l Power - capability to turn power ON/OFF to the three
SINCGARS-V radios as a group and the AN/PRC-77 radios as a
group.

(8]

Power level control of transmitter (SINCGARS-V only) =
capability to select any one of six power levels for
each radio.

|w

Frequency preset select (SINCGARS-V only) - capability
to select any one of six presets for each radio.

| >

ECCM control (SINCGARS-V only) - capability to set
each radio individually to ECCM or Non-ECCM mode.

8,

COMSEC control - capability to set each COMSEC unit
individually to either cipher text or plain text. P
COMSEC units controlled are VINSON and VANDAL.

|on

Retransmit control - capability to place radios two
and three in retransmit mode allowing crew members to «
monitor and commander to transmit over and monitor
retransmit radios.

|3

Radio access control - provide capability to disable
crew from transmitting on the radio and provide the i
capability for the commander to hear the radios only
(i.e., crew silence).
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Radio Equipment Audio Controls

1

(S)

|w

Received audio control - capability to select any one
of the following five:

|? Qoo

Intercom
Intercom
Intercom
Intercom
Intercom

Trans audio
the following four:

lala|o|w

Intercom
Intercom
Intercom
Intercom

only

plus radio one

plus radio two

plus radio three

plus all three radios

control - capability to select any one of

only

or radio one
or radio two
or radio three

Accent control - capability to select any one of the
following three:

ool

Radio louder than intercom

Intercom

louder than radio

Equal audio levels

External Station Control

1

2

|w

| >

|

Disable -

external station cannot transmit Or receive

over the intercom or radios.

Request for access to intercom system generated from

external station to be shown on front panel by a
flashing light.
External station enabled to use intercom system indi-

cated by a light being on.

External

station.

station call - flashes light at external

Receive audio control - be able to select any one of
the following five:

lolalalo|w

Intercom
Intercom
Intercom
Intercom
Intercom

only

plus radio one

plus radio two

plus radio three

plus all three radios

—



6 Transmit audio control - be able to select any one of
the following four:
a Intercom only
b Intercom or radio one
¢ Intercom or radio two
d Intercom or radio three
d. Power Control - capability to turn on intercom power only

or intercom plus radios.

Front Panel Control Functions Descriptions.

To provide all of this control capability on a
front panel no larger the AM-1780 required several itera-
tions. Of the many considerations used in developing the
commander's control panel the major ones are:

Operation of intercom with winter gear.
Operation of intercom in low ambient light
User skills and attitudes

Minimization of erroneous operations

O0O0O0

In development of the commander's control panel,
the combining of similar functions and also the placement of
associated controls in close proximity to each other resulted
in the panel shown in Figure 2-3,.

The functions of the front panel are described below:
a. POWER CONTROL
OFF - No power to intercom or radios
NORM - Power Supplied to intercom and all radios

INT ONLY - Power Supplied to intercom only, no
power to radios

[ W

b. RADIO STATUS - Preset, RF power, ECCM and COMSEC
displays show the status of the radio specified by the
radio select switch. When in ECCM mode, the light is
ON. Likewise when transmitting CT, the light is ON.
The dimmer switch controls the intensity of the
displays.

Cc. STATUS CONTROL

1l RAD SEL - specifies the radio to be displayed and
specifies the radio upon which the preset, RF
power, ECCM, and COMSEC switches operate upon.
These switches are bidirectional, spring-loaded so
as to return to the center up position. The center
up position is inactive.
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|

|w

PRESET -

There are six possible presets. When

incrementing the preset it is possible to loop
around (i.e., upon reaching 6, one more increment
will cause preset to go to 1l.) When decrementing
it is also possible to loop around.

a UP - A momentary turn to this position incre-

ments
radio

o

ments
radio

RF PWR -
RF power
reaching
not turn

the preset or the radio specified by the
select switch.

DOWN - A momemtary turn to this position decre-

the preset of the radio specified by the
select switch.

There are six possible power levels. The
display does not loop around. Upon

the highest power level the counter does
over to the lowest. The commander must

instead decrement six times.

a HI - A momentary turn to this position increases

the RF power of the radio specified by the radio
select switch by one level.

10




b. LO - A momentary turn to this position decreases the
RF power of the radio specified by the radio select
switch by one level.

4 ECCM
a OFF - A momentary turn to this position places the

the radio specified by the radio select switch
out of ECCM mode. Light goes OFF.

b ON - A momentary turn to this position places
the radio specified by the radio select switch
into ECCM mode. The light turns ON.

5 COMSEC

a PT - A momentary turn to this position places
the radio specified by the radio select switch
into plain text mode. Light goes OFF.

|o

CT - A momentary turn to this position places
the radio specified by the radio select switch
into cipher text mode. The light turns ON.

d. RETRANSMIT

1l NORM - Radio two and three may be used by commander
and crewmembers to transmit on. Only in this posi-
tion can the status of radios two and three be
changed.

1S}

RXMT - Radios two and three are connected together
through the intercom for retransmit on presets and
RF power levels selected using status control.
Status of radios two and three cannot be modified
while in retransmit mode. Crewmembers cannot
transmit on radios two and three but may monitor
these radios.

e. RADIO ACCESS

1l CDR + CREW - Commander and crewmembers may transmit
and monitor radios as well as use intercom.

2 CDR ONLY - The crewmember's stations are disabled p
from transmitting on the radios. The crew still
can listen to the radios and use the intercom. The
commander can transmit and receive on the radios as
well as use the intercom.

Ll




|w

SILENCE - The crew member's stations are entirely
disabled from transmitting on the radios or inter-
com. They can only listen. The commander can
still transmit and receive over the radio as well
as transmit over the intercom.

ACCENT

|00

3

RAD - Accent the radio so as to be louder than the
intercom.

NORM - Radio and intercom equally loud.

INT - Accent the intercom so as to be louder than
the radio

AUD SEL

1

2

Jw

INT ONLY - Disables the commander from receiving or
transmitting on the radios.

ALL - The commander receives all three radios and
transmits only on the radio specified by the radio
select switch. The commander will receive and may
transmit on the intercom also.

RAD + INT - The commander receives and transmits
only on the radio specified by the radio select
switch. The commander will receive and may
transmit on the intercom also.

VOLUME - Adjusts the loudness of the commander's
headset.

EXT STATION CONTROL

1

o

jw

jw

CALL IND - Flashes when an external user presses
the push-to-talk button provided the external sta-
tion is turned OFF. Light is ON when external sta-
tion is enabled.

OFF - External station is disabled from listening
or talking to radios or intercom.

ON - The external station receives and transmits
only on the radio specified by the aduio select
switch. The external station will receive and may
transmit on the intercom also.

ALL - The external station receives all three
radios and transmits only on the radio specified by
the audio select switch. The external station will
receive and may transmit on the intercom also.

12
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AUD SEL - Specifies which radio to transmit on.
Also provides the intercom only function which
disables the station from receiving or transmitting
on the radios.

The use of seven segment displays allows for
information update when a commander's station and auxiliary
station are operating together. When a change of RF power or
frequency preset i1s made either at the commander's or the
auxiliary commander's station, this information will be
updated at both locations. When the changed radio is
selected, this new preset and or power setting will be
displayed.

Crew Station

A crew station will have the capability to control:

a. Received Audio Control - capability to select any
and one of the following five:

Intercom only

Intercom plus radio one
Intercom plus radio two
Intercom plus radio three
Intercom plus all three radios

|0 o) =

b. Transmit Audio Control - capability to select
any one of the following four:

Intercom only

Intercom plus radio one
Intercom plus radio two
Intercom plus radio three

(B ST

(9]
o]
e
Q
-
(o]
—
o
(@)

CVC Helmet I/O
Remote PTT I/0

o] =

@ Intercom PTT
b Intercom plus Radio PTT

The control requirements for the crew station are
much simpler than those at the commander's control station.
The crew station front panel is shown in Figure 2-4. The
switching for selection of operating modes at the crew sta-
tion is done in the same manner as the commander's station,
with a radio select and audio select control. Operation is
therefore the same as that of the commander control station.

L3
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External Crew Station

The external crew station must acquire access to
the intercom via the commander's control station. The exter-
nal user flashes the commander's station by pressing the PTT
switch of the hand set supplied at the external crew station.
The commander has the capability of providing the same operational
modes to the external crew station, as those available to the
internal stations.

Wireless Internal Crew Station

The wireless internal crew station provides the
same radio and intercom access as the internal crew station.
The operation mode select is the same. Added to the wireless
station is an on/off control which enables the operator to
disable. the wireless station. The wireless crew station
shown in Figure 2-5 also provides a battery charging capability
for two battery packs thus enabling two wireless users con-
stant wireless operation per wireless crew station. This
will provide wireless intercom capability to the commander
and the loader, the two most mobile crew members.

Signal Flow of the ITT-A/OD VIS

The VIS utilizes the commander's station as the
central distribution point. All audio signals from the crew
stations and the radio's are routed to the commander's
control station. These signals are then routed to the proper
destination as determined by the programming of the radio
select and audio select switches of the commander's control
station and the crew stations. The operation mode request 1is
routed to the commander's control station and refreshed
periodically.
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3 EVALUATION AND DEVELOPMENT OF TECHNICAL APPROACHES

Using the system requirements as a guide, areas
of the intercom system were defined for which there were
multiple technologies which could meet these requirements.
These areas are:

Signal distribution
Signaling techniques
Intercom control

Wireless propagation

Under each area, alternate approaches were
defined which would fulfill the required functions. These
approaches were then analyzed to determine which would best
fill the requirement. Criteria for technigque selection was
established to provide guidelines for selection of the best
techniques. Performance criteria were also established.
These criteria are operational suitability, reliability,
maintainability, EMC/TEMPEST, environmental suitability,
available technology, and life cycle costs. Each of these
criteria are described briefly in the following paragraphs.

Operational Suitability

The equipment must be easy to operate and the
human engineering concepts must allow for easy access to all
controls to allow for fast change of control settings under
battle stress conditions. The system design should not
require multiple operations to accomplish simple functions.
The equipment should offer flexibility to change and provi-
sions to add control of additional equipment if the system
should require expansion. Training in the use of the system
should be simple and not require any unusual mental dexterity
to become proficient in the use of the hardware.

Reliability, Availability, Maintainability

The equipment must be reliable and easy to main-
tain using components that are sufficiently rugged to with-
stand the constant field use of track type vehicles. The
eqguipment must be designed so that a failure in one portion
(substation) will not disable the entire system. The equip-
ment must have an electrical design which allows for
straightforward logical troubleshooting techniques and a
mechanical design which allows access to components for
troubleshooting functions should a fault occur. Tnere should
be no alignment of LRU's under field conditions, no levels to
be critically adjusted depending on environment or age of
equipment, only connectors and cables or proven reliability,
and only components with large design safety margins.
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EMC/TEMPEST

Once a system intercom approach has been postu-
lated, it must be evaluated against other systems in terms of
EMC, EMI, and TEMPEST performance. Certain items of EMC and
TEMPEST protection are standard for all system approaches.
These include:

Wireline shielding,
e Power line filtering, and
@ Out-wrap shielding of modules and assemblies.

There are areas of EMC/TEMPEST design where one
system approach because of its unique design properties will
exhibit superior performance over other approaches.

Just as the intercom system must not interfere
with other systems, it must also be designed to reduce its
own susceptibility to electromagnetic interference (EMI). In
contrast to EMC performance, a digital TDM signal distribu-
tion approach exhibits superior EMI rejection compared to
discrete analog signal distribution approaches.

In the area of TEMPEST evaluation, each system
approach must be designed to suppress correlated RED signal
emanations. The cost of TEMPEST protection can often be
minimized by selection of a particular design approach.

Environmental Suitability

The environmental suitability of the proposed
technologies which may be employed in the design of a new
intercom system is an overriding consideration. Because all
proposed wireless systems must be battery operated, the per-
formance of batteries at low temperture is a serious con-
cern. Acoustical noise impacts the design of a wireless
system in which high frequency sound is used as a trans-
mission medium while stray light sources and sunlight
constrain the use of infrared energy in a wireless system.
RF noise and RF energy radiated by on-board electrical equip-
ment, static discharges, and radio equipment restrict the
choice cf frequencies for an RF wireless link. 1In addition,
there are health hazards associated with microwave, ultraso-
nic and infrared energy.




Available Technology

All the technology required to design a new
‘intercom system utilizing any of the techniques discussed in
the proposal is available today with the possible exception
of a rechargeable battery which will accept a charge at low
temperatures. Some of the components used in fiber optics
are relatively expensive today. In a 1980's time frame,
however, cost is not expected to be a problem.

Life Cycle Cost

Research and development and production costs
were estimated for the more promising systems and provided
to the Integrated Logistic Support team for use as inputs to
the Logistic Support Analysis Model (LSAM) which includes
reliability, maintainability, and descriptions of all parts.
This permited the LSAM to provide total system life cycle
costs, in addition to logistic life cycle cost, operational
availability, etc., for each system. Results of the LSAM
system life cycle cost analysis were weighed and utilized
as a most critical criterion in final system selection.

Technology Analysis

Distribution Methods

The two distribution systems that have been con-
sidered are Bus distribution and Star distribution. In a Bus
distribution system there is one main bus carrying infor-
mation for all cf the substations. This requires multi-
plexing of information for use by the substations. 1In a Star
distribution system, each substation has its own bus. The
Bus distribution method has the advantage of reducing inter-
connecting wires to a minimum but is has the disadvantage
that a single bus failure due to combat damage or ordinary
electrical failure can disable the whole intercom system.

The reliablity of a bus system can be increased by operating
parallel busses. A Star distribution system increases
overall intercom reliablity, since combat damage to one sta-
tion does not affect the entire system. Individual signal
distribution requires an increased number of cables and con-
nectors. This can be reduced by multiplexing control infor-
mation onto the voice channel either in terms of tones or a
Time Division Multiplexing (TDM). A Star distribution system
lowers the operating frequency of the interconnect lines.
This is particularly important due to the anticipated
problems of noise susceptibility when passing through the
tank slip rings. In summary of distribution technques, the
Star system were chosen over the Bus system because of
increased reliability and lower operating frequency.
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Signaling Techniques

The use of multiplexing techniques reduces con-
siderably the number of interconnecting wires between the
commander's control station and the user's substation. This
reduces the cost of connectors and cables. The reduction of
cable-wire count is also very important for tank installa-
tions where the number of turret slip rings is limited. The
three multiplexing techniques considered were Time Division
Multiplexing (TDM), Frequency Division Multiplexing (FDM) and
Space Division Multiplexing. In a TDM system, voice signals
are sampled and encoded in an asynchronous serial bit stream.
Voice signals are then assigned specific time slots for
transmission on a single wire to the user. Command infor-
mation is easily interleaved with the digital voice for
transmission on the same line. In a FDM system, command
information must be encoded as multifrequency tones for
transmission on individual voice channels. Filters must be
designed to decode this information. In Space Division
Multiplexing, separate wire lines are used to route the
required voice and control information to each user.

The advantage of TDM over FDM is the suppression
of the high background noise characteristic of current analog
systems since information is carried in the absolute levels
of the data bit (additive noise 1is removed when the decision
i1s made between logic "0" and "1"). A TDM system uses all
digital signal processing which requires no special alignment
or tuning. Digital circuit designs exhibit increased
reliability over analog circuits and can be easily packaged
as custom LSI networks to decrease system size and cost. A
TDM system lends itself very well to the use of fiber optics.

The advantage of Space Division Multiplexing 1is
that 1t requires very simple electrical circuits to provide
for the distribution of the various signals. 1Its main disad-
vantage is that a large number of wirelines is required to
transmit the required information and this results in bulky
cables and large expensive connectors. A compromise can
often be made in designing wireline communication networks by
combining the salient attributes of TDM and Space Division
Multiplexing. In the intercom system, separate wirelines
could be employed by voice and control information. Control
bits would be multiplexed on a separate unbalanced wireline
at a very low bit rate. High speed digital voice signals
would be multiplexed on separate balanced wirelines. The
advantages and disadvantages of the above multiplexing tech-
nigues are summarized in Table 3-I.
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On the basis of the results in Table 3-I, FDM
multiplexing was not considered viable since it provides no
measure of noise rejection so critical to the intercom system
and also the high degree of circuit complexity is costly.

The Space Division Multiplexing approach was also rejected
since it requires a large number of wirelines which result in
bulky cables and expensive large connectors. The large con-
nectors are also not practical, given the fact that seven
crew members stations must be connected and a small intercom
form factor is required (i.e., panel space for connectors is
limited). This left TDM and a hybrid TDM approach as the
most viable condidates.

For further analysis of the two remaining
singnaling techniques, intercom systems were developed around
each one.

TDM System

In designing a TDM system, a major emphasis
should be placed on specifying a format for transmission of
digital information between the commander's control station
and the user's substation. Formatting affects the operating
frequency of the transmission line and consequently the areas
of: compromising emanation, noise susceptibility, generation
of noise affecting other vehicular systems and power consump-
tion. Other areas affected by formatting include error rates
and control bit synchronization. In summary, the three
objectives are:

e Lowest possible bit rate,

® Low error rate,

e Ability to re-acquire synchronization without
a noticeable degradation of system
performance.

Since a Star distribution technique is being used
in transmission of data it is possible to route the digital
information to and from all the crew stations simultaneously.
This results in a slight increase in hardware at the
commander's control station but is offset by a decrease in
substation hardware and simplicity in designing low frequency
drivers and digital circuitry. Further decrease of system
operating frequency can be accomplished by simplifications of
synchronization bits allowed by decrease in voice bits
transmitted. Figure 3-1 illustrates this. The format is
similar to that of a universal asynchronous receiver
transmitter. Synchronization is accomplished by detecting
the positive transition of the synchronous bit. Data is
detected by sampling the line at fixed intervals in relation
to the synchronization bit. A stop bit is added to verify
proper timing and framing. The stop bit guarantees a tran-
sition when the synchronization bit is transmitted.
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Figure 3-2 gives the Voice Signal Interconnect
Diagram for TDM Signal Distribution. _Shown therein are the
transmit and receive audio modules, reference clock and TDM
timing control module, one of the seven TDM interface net-
works, and one of the seven user stations. Not shown for
simplicity are the wireless and commander stations and the
alarm interface. CVSD is used per proposal recommendation in
a TDM Star Distribution system. The block diagram shows the
preliminary breakdown of the intercom system into separate
printed circuit boards. The transmit and receive audio was
placed on separate cards to provide for electrical isolation.
Reference clock and TDM timing control card provides common
timing and control signals for the seven TDM interface net-
work cards and the CVSD chips on the transmit and receive
audio cards. The seven TDM interface cards are identical and
may be interchanged. User stations are in the same way iden-
tical and may be interchanged (i.e., require no modifications
or programming as to its location in the intercom system).
The external station, however, will have some differences in
that the controls will not be utilized.

SDM Signal Distribution

A viable alternative to TDM distribution tech-
niques is the use of space division multiplexing, where
signals are distributed on individual wirelines to the
respective intercom users. This technique becomes par-
ticularly useful if the wire count can be reduced below the
present 14 signal lines which are used to connect the AM-1780
and C-2297 in the AN/VIC-1 system. A SDM system was deve-
loped such that only a 10 line signal cable is required to
interconnect the crew station and command station. This sec-
tion presents the general details of this SDM system. The
section which follows compares the relative technical perfor-
mance and cost of this SDM voice distribution system versus
the TDM system presented in the previous section. The design
of the SDM system in this section follows the requirements
set forth for the baseline system presented earlier.
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A block diagram of an SDM voice distribution
system is shown in Figure 3-3. It is seen that the architec-
ture of this SDM system is very similar to.the TDM system in
that many of the modules and module electrical circuits are
similar. The salient features of the SDM system of Figure 3-

3 are:

115

Single Forward Voice Line - One of five
possible intercom or radio voice signals are
switched onto a single line to the user. The
user selects the desired voice channel via his
crew station audio select control. This
control is a five position binary coded
switch. The binary coded switch controls are
transferred via line drivers/receivers to the
crew station I/0. At the crew station I/O
binary coded audio control bits control the 5-
line analog switch and are also routed to the
Intercom Controller, which processes the
control bits prior to operation of Radio XMIT
select switches.

Return Voice Signal - The microphone signal
from each user station is routed via a
balanced line to the crew station I/O. A
balanced line is used to isolate power supply
and forward signal ground currents from the
user MIC signal. This design technique mini-
mizes crosstalk and eliminates the leakage of
RED signal ground currents onto a hot MIC line
which is connected to a BLACK transmitting
radio.

Minimal Circuitry - There is a minimum amount
of electrical circuits required to transmit
and receive the intercom voice signals. This
is in contrast to the relatively large amount
of digital IC networks required in the TDM
system. In general, however, the same amount
of analog amplifier networks are required in
both the SDM and TDM systems.

Multi-Wire Cable - A 10-wire cable and asso-
ciated connectors are required for routing
user signals in the SDM system. This is in
contrast to the 4-wire TDM cables.

26
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TDM Versus SDM Performance and Cost Trade-Off

The principal technical advantages and disadvan-
tages of TDM versus SDM signal distribution systems are sum-
marized in the Table 3-II.

Table 3-II.

Technical
Item

TDM

TDM Versus SDM Technical Performance

SDM

Electrical Noise

Voice
Intelligibility

Cable Size

The absolute logic
levels in a TDM
system provide a
high degree of im-
munity to additive
Electrical noise
and crosstalk.

Digital voice en-
coding technigues
such as CVSD pro-
vide a voice
quality which is
equal to an analog
system.

Reduced cable size
provides for ease
of equipment in-
stallation. This

is particularly
true for the next
generation intercom
which must service
up to 8 users.

The analog signals
in a SDM system

are susceptible to
additive electrical
noise and crosstalk.
Balanced intercon-
nect lines can be
used to reduce in-
terference, but the
cost of such ba-
lanced lines adds
significantly to
system cost.

Voice quality is
excellent.

Large cable size
makes connector
location difficult
and cable routing
cumbersome. This is
particularly true
of intercom in-
tercom installation
which serves up to
8 users.
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components o
tabulated.

requires power supplies, MIC and phone amplifiers.

approach, ho

audio select

The relative costs of implementing a TDM system
versus an SDM system was evaluated by costing the electrical

f each approach.

Only differential costs were

For instance, at the crew station each approach

The TDM

wever, requires additional CVSD encoders and
digital TDM circuits, while the SDM approach requires a dif-
ferential analog amp and line drivers for the binary coded

signals.

The cost of these additional circuits

was tabulated for each module within the intercom system. In
addition, the relative costs of connectors and cables for

each approac

Tabl

System
Module

Crew Station
(I/0)
7 Modules

h were tabulated.

The cost differential for each approach was then
calculated on the basis of these additional component costs.
This calculation is summarized in Table 3-III.

e 3-TIL.

TDM

CMOS Interface Networks

A Cost = §$35.70

Additional Circuits: TDM

TDM Versus SDM Component Cost

SDM

Additional Circuits:
Analog Switch, Line
Receivers, Diff
Analog Amp

A. Cost = $31.50

Crew Station
4 Units

CMOS Interface, CVSD
Encoder /Decoder

A Cost = $96.80

Additional Circuits: TDM

Additional Circuits:
Line Drivers and
Differential Analog
Amp

A Cost = $8.00

Radio XMIT

Additional Circuits: 7

No Additional Cost.

Select CVSD Decoders
Module A Cost = $§56.00
Radio RCV Additional Circuits: 5 No Additional Cost.
CVSD Encoders
A Cost = $40.00
Timing Additional Circuits:
Control CMOS Timing Circuits
A Cost = $3.40
Connectors 4-Wire Bulkhead and 10-Wire Bulkhead and
Cable Connectors Cable Connectors
A Cost = $49.00 A Cost = $103.48
Cable 4-Wire Shielded Cable 10-Wire Shielded
Cable
A Cost = $23/100 A Cost = $50/100
TOTAL COST TOTAL ADDITIONAL COST TOTAL ADDITIONAL COST
= $303.90 = $192.98
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The results of this cost analysis show that there
is a $111 additional cost in bill of material when a TDM is
implemented versus an SDM system. These costs were based on
the use of MIL-M-38510, Class C parts. This was completed
using price estimates in 1978. Price trends predictions for
the 1980's show a relatively constant price (dicounting
inflation) for analog devices used in the SDM system. The
digital CMOS devices are expected to continue to decrease as
the overall use of these devices increase. It is also of
interest that CMOS digital circuitry can be produced as large
scale integrated (LSI) circults which for large usages is
less costly, and smaller than discrete digital circuits.
Analog LSI circuits, although technically possible are more
expensive and have a longer development time than digital LSI
clECHItS.

Cabling differences also enter into the system
costs. The 4 wire TDM cable will certainly be less expensive
that the 10 wire SDM cable. This smaller cable is also con-
ducive to easier installation. The shell size of a 4 conduc-
tor TDM cable will be smaller than that of the 10 conductor
SDM cable which will aid in connector placement on the
commander's control station. Because of the numerous inter-
face regquirements of the commander's control station, a large
number of connectors must be located on this component. The
TDM system provides the flexibility required to develop a
multi-purpose intercom system which will provide the noise
immunity required for good communications. It is felt by
ITT-A/OD that by early 1980's, when the VIS will be produced,
a digital TDM system will also be the most cost effective.

To prove feasibility of the TDM technigue, a TDM
system was breadboarded for testing purposes.

One of the major advantages of the digital data
transmission is its inherent noise immunity. The objective
of this test is to determine how severe the noise could be on
the TDM line and be able to maintain communication. It was
not known how much noise the TDM system could tolerate and
still have commander-to-crew station integrity.

The TDM breadboard was built to model the inter-
com requirements. A block diagram is shown in Figure 3-4.
The crew station can select one of three inputs to the
commander's station, one of which can be a headset. The
oreadboard is also capable of full duplex communication between
the commander's station and the crew station. When the
system is subjected to noise the audio signal and also the
control information is affected. To maintain balanced lines,
a transformer was constructed to inject noise into the line.
Figure 3-5 shows the transformer and the breadboard line dri-
vers, along with the characteristics of the transformer. It
was assumed that the noise encountered in a track vehicle
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would be fairly low in frequency <500 kHz. A General Radio
random noise generator type 1390-B and an HP-465A amplifier
were used to drive the transformer.

A 1 kHz tone was used from the command station to
the crew station. With the system operating without noise,
the crew station output had a SINAD measurement of 28 dB or 5
percent distortion. Figure 3-6 shows the amount of noise on
the differential lines. Figures 3-6A, and C and E show the
noise on each differential line when referenced to ground.
Figure 3-6B, D and F show the differential concelling when
the lines are referenced to one another. Figure 3-6A and
3-6B show the amount of noise required to degrade the system
to 27 4B SINAD or 5.5 percent audio distortion. The high
noise areas occur when the scope probe is placed on the side
of the transformer which has the line transceiver in the
receive mode.

Figure 3-6C and 3-6D show the amount of noise
required to degrade SINAD 3 dB or (25 dB SINAD) or 6 percent
audio distortion. Figure 3-6E and 3-6F show the amount of
noise required to degrade the audio signal to 10 percent
audio distortion. This results in a 22 4B SINAD.

When operating with very extreme noise con-
ditions, the system would not operate at less than 10 dB
SINAD at the audio output. From this test, we found that the
TDM system was very tolerant to noise on the transmission
line, which will result in clear, reliable communication.
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Results of Noise Tests

Figure 3-6.
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Continuously Variable Slope Delta (CVSD) Modulator Evaluation

The analog to digital and digital to analog con-
version for the TDM system will be accomplished using a con-
tinuously variable slope delta modulator. This technique has
been developed into a single integrated circuit. There are
presently two manufacturers of this device and an evaluation
was made as to which one would be more suitable for the VIS.

These companies and respective CDSD devices are
Motorola (MC-3418) and Harris (HC-55532). The salient
operating features of each circuit is summarized in Table
3-IV. From the data in this table it is seen that the Harris
HC-55532 is designed specifically for operation at 32 kbps
and while operation at higher bit rates is possible, the
respective performance will not be optimum. The advantage of
the HC-55532 is that no external components are required for
its operation. The Motorola MC-3418, through the addition of
external components, can be tailored for operation at bit
rates from 10 kbps to 100 kbps. This flexibility of the
MC-3418 provides for its superior signal-to-quantizing noise
performance and excellent voice quality. The disadvantage of
the MC-3418 is that several external resistors and capacitors
must be added to provide this performance.

The clock rate was derived from an analysis of
the Articulation Index (AI) developed by French and
Steinberg. Performance bandwidth of the CVSD devices in-
creases as the clock rate is increased. However, system con-
siderations require that the bit rate be kept as low as
possible. The Articulation Index subdivides the audio
spectrum into 20 frequency bands which contribute equally to
speeck intelligibility. The three upper frequency bands are:
Band 18 (3650 to 4250 Hz), Band 19 (4250 to 5050 Hz) and Band
20 (5050 to 6100 Hz). If filtering is employed in the inter-
com system such that the audio response is reduced from 6 kHz
to 4 kHz, then only three of the 20 bands will be eliminated,
the truncation at the high end in combination with truncation
of Band 1 (200 to 330 Hz) at the low end will reduce the
Articulation Index of the system to 0.8. Voice communication
systems with an AI of greater than 0.7 are considered very
good to excellent in quality. The 4 kHz bandwidth can easily
be achieved with a clock rate of 40 kHz which results in a 40
kbps digital output rate.
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Table 3.1IV.
Design
Feature

l. Fabrication
Technique

2. Supply Voltage

3. Min Step Size

4, Step Size Ratio

5. Syllakbic
Time Constant

6. Low Pass Time
Constant

7. Quieting
Control

8. Step Size
Algorithim

9. Multi-Pole
Feedback

10. Bit Rate

Motorola MC-3418

I L with CMOS Compatible

Outputs
4,75 Vdc to 15 Vdc

Externally Adjustable
Nom = 4 mV

Externally Adjustable
Nom = 28 dB

Externally Adjustable
Nom = 6 msec

Externally Adjustable
Nom = 1 msec

Not Available

Externally Selectable

a. Linear

b. Exponential

c. Variable attack/
delay time constant

Externally Selectable
a. Two-Pole Integration

100 xbps Maximum Design
parameters adjusted ex-
ternally to provide
optimum performance at
selected bit rate

CVSD Network Operating Characteristics

Harris BC-~55532

CMOS

5.0 ¥ to 7.0 ¥

Fixed Internally
4 mv

Fixed Internally
26 dB

Inversely Pro-
portional to

Clock Rate = 4
msec @ 32 kbps

Inversely Pro-
portional to
Clock Rate =

1 msec @ 32 kbps

External APT
Control Forces
I/0 Pattern
during Unkeyed
Conditions

Fixed Externally
Linear

Fixed Internally

64 kbps Maximum
Circuit internally
designed for optimum
performance at 32
kbps

A schematic diagram of a portion of the MC-3418 CVSD

network and output filter is shown in Figure 3-7.

In this figure,

analog voice is digitally encoded at 40 kbps and the CVSD integra-
tor output is a digitally constructed replica of the input voice

36

i~



preoqpes1g ASAD 8Tv¥E - JW  °L-€ 2ambtg

ZY X 01 = 23Z $ouy < 22)77 2d21] wuyy ey a9 E ——

qpae: = anddyy : .
QS\H_H Jsdoee

Qpse ="y
= IPE
ZUMNS =" m Jhi —— T
3

UUJ°>

22304 . *—]sdous .:.FE m.o~<z< QSAD
S gt T i il
QSAD p2a124 N
T wo/ T WIS
T TTww
roce
Q\ﬁw 9 o/ . ”
.C.Ew.-\w _i 81hE -IW o “
| 233y, 2 ol R _
R L zu L >——
_M €l : S
A im N e i
) Q’_ ‘ e +.'|_ﬁ.\ - .
£ Th! -Bay s | st.
bl B AR 1SS / IC_ R N |
4 194 ES: e
PR IS8 EaeE B
=% B0 A O
o | Cou ! W_ i 4Q>
WA+ qA——t5r @i e
VIO QSND SgpMop ST m,hl A Iy
MI01) QSAD BHMeLE 7 T T 70 e
B D i+ B i -
S —— — bx
ﬁ,wz




signal. The syllabic filter and integrator time constants
are determined by external resistors and capacitors. The
CVSD analog voice is filtered by an active 3-pole elliptic
filter. This filter provides a sharp cut-off above 5 kHz and
nulls out CVSD clock subharmonics at 10 kHz.

The CVSD circuit in Figure 3-7 employs a 2-pole
filter network in the integrator feedback path. Two feedback
filter arrangements were tested: single-pole and two-pole.
In accordance with Motorola application notes, the 2-pole
filter arrangement provides about a 2 dB increase in signal-
to-quantizing noise performance. The present 2-pole CVSD
circuit provides a SNR of +28 dB over an input dynamic range
of 12 dB. 1In addition it was noted that the 2-pole filter
configuration decreased the metallic sound of voice signals.
The Harris device does not have the facility for external
feedback or optimization to a given clockrate. The input and
output filters of the Harris device, however, were identical
to that of the Motorola device. 1In the area of voice
quality, the following characteristics of the CVSD network
were noted:

l. Voice Intelligibility - At the high operating
clock rate of 40 kHz and the operating band-
width, the CVSD network will provide near
perfect voice intelligibility performance
with an articulation index of at least 0.9 or
greater.

2. Voice Quality - At a clock rate of 40 kHz and
an operating bandwidth of 5 kHz, there is a
detectable metallic guality to the voice
signal. An increase in clock rate to 50 kHz
or a narrowing of audio bandwidth remcves
this metallic quality.

3. Speaker Recognition - Speaker recognition is
excellent.

Both devices were tested with a 1 kHz test tone
at various input levels and a 40 kHz clock rate. Table 3.V
compares the results of this test.

Table 3-V. Comparison of MC=-3814 Versus HC=-55532

MC-3418 HC=55532
Input Level SINAD Input Level SINAD
100 mV p-p 23 dB
200 mV p-p 25 dB 300 mV p-p 15 dB
500 mV p-p 27 dB 500 mV p-p 21l dB
l1 V p=-p 28 dB l V p=-p 25 dB
2 V p=-p 27 dB l.4 V p=p 23 dB
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The data in Table 3.V indicates that because the
HC-55532 cannot be optimized for the higher bit rates, its
performance is reduced from that of the MC-3418.

Also tape recorded speech was operated through
both the HC-55532 and the MC-3418 and the speech quality of
the MC-3418 was qualitatively better than that of the HC-
55532, again because of the inability to optimize the Harris
device for the higher clock rate. It was noted that even
without optimization operation at 40 kHz clock rate was
better than operation at 32 kHz clock rate which is the opti-
mized frequency for the Harris device.

As a result of this test it is clear that CVSD
LSI circuits will perform well in the TDM system. The
Motorola device performed better than the Harris device.
However, more components are required which may or m ay not
be a hindrance depending on space available for CVSD
ClECUlEEY «

Voice Keying Networks (VOX)

In the VIS study, several possible voice keying
circuits were looked at for possible use in the intercom
system. VOX circuits are being investigated for possible use
within the intercom system to provide the user hands-free
operation of intercom audio accessories. The use of VOX in
combination with wireless intercom techniques could improve
dramatically the mobility of crewmembers within armoured
vehicles. The use of VOX would allow the user to devote the
use of his hands to full time operation of vehicle controls.
This would improve user performance in the area of vehicle
operation. In selecting and designing a VOX network for
operation in the intercom system, certain key operational
requirements and features should be considered as follows:

1. Reliable Keying - The VOX circuit should key
reliably within 50 ms of the start of a word.
Rapid keying will ensure good voice intelli-
gibility and ensure single word commands are
not misinterpreted by crewmembers such that
their safety is endangered. Reliable keying
should be possible in adverse high noise
environments.

2. False Keying - The probability of false
keying should be minimal due to noise and
vibration. Particular attention should be
paid to designing a VOX network which cannot
be spoofed by voice-like noises within the
vehicle.
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3. VOX Operation - Selective operation of the
VOX circuit should be possible such that the
user can disable the VOX at any time and
operate in a manual PTT mode. The VOX net-
work operation in Intercom Only and Radio
modes should be selectable by the user.

4. Cost - The incorporation of the VOX network
within the intercom system should not heavily
impact the system cost. The circuit design
should be simple and economical. Considera-
tion should be given to making the VOX cir-
cuit an optional crew station feature, which
is installed only at those crew stations
which require VOX operation. Operation of
VOX as an optional add-on module or plug-in
PC board would reduce significantly the cost
impact on the system.

Five VOX networks were investigated for possible
use within the intercom system. These networks were as
follows:

l. Fixed threshold voice detection and keying
network

2. Adaptive threshold voice detection and keying
network.

3. CVSD pattern detection and key network

4. Radiometer or energy comparison voice detec-
tion and keying network

5. Zero crossing voice detection and keying
network

In the above approaches, breadboard models of
networks 2, 3, and 4 were built and tested. The fixed
threshold approach was not built since it could easily be
evaluated by disabling the adaptive operation of network 2.
The zero crossing detection approach was not built since its
operation closely resembles the operation of network 4 in
that both technigques measure the frequency content of the
voice signal to detect its presence.

The relative performance of the three VOX net-
works, which were breadboarded, were evaluated by measuring
the attack time of each network for various word inputs.
Their false keying performance was also evaluated under high
background noise conditions. The adaptive threshold VOX net-
work offered the best attack time of 17 ms average for a 26
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word vocabulary. The attack time for all words was less than
or equal to 50 ms. It was also immune to false keying at
peak voice to RMS noise ratios of 10 dB. The radiometer VOX
network offered the next best performance with an average
attack time of 34 ms for a 26 word vocabulary. The radio-
meter VOX network, however, was unable to detect rapidly
words that begin with a "s" sound such as in the word SIERRA.
The radiometer VOX network also provided excellent false key-
ing per formance. The performance of the CVSD pattern detec-
tion VOX was very poor in terms of attack time, in that
certain words were totally missed. No extensive data was
taken on this VOX network.

The following subsections present a description
of each of the VOX networks tested and a summary of their
relative performance is then presented.

Adaptive Threshold VOX

A block diagram of the adaptive threshold VOX
network is shown in Figure 3-8. The implementation of this
VOX network is similar in concept to the digital voice acti-
vated switch developed at COMSAT labs.! An adaptive thresh-
old VOX network was chosen for testing in preference to a
fixed threshold VOX network, due to the following limitations
inherent in a fixed threshold VOX:

1. Noise Immunity - To provide good noise immu-
nity and prevent constant false keying, the
voice detection threshold must be set high.
Under varying noise levels common in a
vehicle, the voice threshold is always set at
the highest level for worst case noise
levels.

2. Voice Detection - Voice detection for a fixed
level VOX is at best marginal since the
threshold is set to a high level which avoids
false keying in high noise environment.

Under gquiet conditions the user must still
shout to key the VOX. Even when shouting

words which begin with "s" sounds such as

"Sierra" will not key the VOX network.

The adaptive threshold VOX cvercomes these short-
comings and provides an optimum voice threshold level under
a wide range of varying noise levels. In Figure 3-8, the
voice signal from the users MIC amplifier is rectified and
fed to two level detectors. At the noise threshold level
detector a tracking D/A converter is used to track the noise
peaks. The time constant of the integrate and dump (I&D)
network is set such that if the incoming noise peaks exceed
the noise tracking voltage more than 10 percent of the time,
the up-down counter is incremented and the respective D/A

'Jankowski, J.A., "A New Digital Voice Activated Switch",
COMSAT Technical Review, Vol. 6, No. 1, 1976.
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noise tracking voltage is increased. The D/A converter is
updated at a 160 Hz rate unless the voice threshold level
detector is triggered. The presence of voice signals thus
disables operation of the up-down counter. The voice thres-
hold voltage is always 50 percent higher than the noise
tracking voltage. This ratio of noise and voice thresholds
prevents false keying by noise peaks but is very sensitive to
incoming voice signals. The adaptive VOX network in Figure
3-8 provides the following key operational features:

1. Update rate of 160 Hz provides for rapid
tracking by D/A converter of noise levels
within vehicle.

2. Updating of D/A converter is disabled during
active voice periods such that threshold
level is held constant during periods of
voice activity.

3. The voice threshold level is always set at
the optimum level for detection of voice
signals. This level provides a low false
keying rate due to noise, but allows the
detection of low level voice sounds such as
present in the word "Sierra".

Radiometer VOX Network

A block diagram of the radiometer VOX network is
shown in Figure 3-9. The principle of operation for this VOX
network is based on the relative spectral shape of voice
signals versus interferring noise. The spectrum of the typi-
cal male voice rolls off at about 10 dB/octave from 500 Hz to
4000 Hz. During speech periods, the amount of detected
energy in filter band from 300 Hz to 1500 Hz is much higher
than the voice energy in a 1500 Hz to 2500 Hz frequency band.
This fact can be used to detect the presence of a voice
signal. During non-voice periods, the input to the radio-
meter VOX network is background noise interference. If the
noise spectrum is flat and the noise bandwidth of the two
radiometer filters are equal, then the VOX network will not
be triggered. Good false keying performance for the radio-
meter network is dependent on the input noise being flat
noise. The interferring noise spectrum within the M113Al
vehicle is not flat but is very similar in shape to the voice
spectrum. The M113Al noise spectrum is flat in nature after
being passed through the noise cancelling microphone. This
fact results in the requirement that proper operation of a
radiometer VOX within an armoured vehicle will depend to a
high degree on the performance of the noise cancelling micro-
phone. Preliminary tests of a radiometer VOX and noise can-
celling microphone were performed in the lab using the noise
environment test setup shown in Figure 3-10. Test results
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showed that the radiometer VOX was immune to false keying at
noise levels up to +110 dB when operating with the Telex CS-
61 headset microphone.

In general the radiometer VOX provided fast
attack times, but for certain sounds the performance was
marginal. This was particularly true of unvoiced sounds such
as "s" which starts words such as "seek", "Sierra", etc.
Words such as these suffered severe front end truncation.
This poor performance is due to the fact that the frequency
content of these sounds is in the range of 2000 to 3000 Hz.
Also, these sounds are very noice-like in nature and cannot
be distinguished from background noise interference. As a
result of evaluating the radiometer VOX network, the
following operating advantages and disadvantages were noted:

1. Simple Hardware - The radiometer VOX can be
implemented with very simple hardware with
respect to the Adaptive Threshold VOX.

2. Good Immunity to False Keying - If the inter-
ferring background noise spectrum is flat in
nature, the radiometer VOX offers good immu-
nity to false keying. Low frequency noise
would degrade performance.

3. Marginal Attack Time - The radiometer 1is
unable to detect certain high frequency com-
ponents of certain words. This results in
the truncation of the front end of these
words and can lead to misinterpretation of
the word.

CVSD Pattern Detection VOX

Due to the fact that CVSD is being considered for
encoding/decoding of analog voice in an Intercom TDM voice
distribution system, it was decided to investigate whether
bit patterns existed in the CVSD output data stream which
were indicative of voice activity versus input noise inter-
ference. The digital output of a CVSD encoder generates a
random output bit pattern, but this pattern is characterized
by long series of 1's and 9's during high amplitude vcice
inputs. During the input of low level voice signals or noise-
like signals, the CVSD digital output is characterized by
alternating patterns of 1's and 0's.

A simple variable length shift register and AND
gate decoder network was set up at the output of the MC-3418
and CVSD encoder. The decoder could be set to detect conse-
cutive patterns of 1l's or 0's from 4 bits to 8 bits in
length. Test results showed that a decoder setting of six
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consecutive logic 1l's or 0's was necessary to provide immu-
nity to false keying on noise. With this decoder setting the
pattern detection method worked reliable for words which
began with hard consonant sounds such as "dog," "gun", etc.
The pattern detection network, however, failed to detect such
words as "these," "shoot," and other words which do not exhi-
bit low frequency high amplitude characteristics. Extensive
testing was not performed on this VOX network because of its
poor performance with certain words.

VOX Network Evaluation and Testing

Tests were made to evaluate the attack time per- 1
formance of the Adaptive Threshold and Radiometer VOX. These A
tests included a 26 word vocabulary test to measure average
attack time and to determine the existence of words which
posed particular detection problems. Test tapes were run to
oprovide a subjective evaluation and noise interference tests
were made to evaluate false keying performance. Also eva-
luated was the dynamic voice range over which each VOX net-
work would reliably be operated.

To test the attack time of each VOX network, the
26 word international word-spelling alphabet was used. 1Its
choice was convenient and purely arbitrary. Whether the use
of this particular word list is optimum for testing VOX net-
works is not known. It is felt that this word list covers
most typical voice sounds which might eventually key up an
Intercom VOX network.

The results of attack time tests for the two VOX
networks is shown in Table 3-VI. These test results show
that the Adaptive Threshold VOX provides much better perfor- |
mance than the radiometer network. The effect of front end |
clipping on voice intelligibility has been evaluated by Ahmed
and Fatechard.'! Their work showed that front end clips of up
to 30 ms are acceptable for plosives and fricatives (i.e.,
plosives are words such as "bravo" and "papa", while
fricatives are words such as "foxtrot" and "victor". For
these words, both VOX networks were within the 30 ms except
for the word PAPA. Ahmed and Fatechand also found that clips
of up to 40 ms were acceptable for semi-vowel sounds while
clips longer than 50 ms will significantly reduce articula-
tion scores. On the basis of criteria set up by Ahmed and
Fatechand it is felt that the Adaptive Threshold VOX provides ;
acceptable performance, while the Radiometer VOX is marginal
to unacceptable in performance.

A subjective analysis of the two VOX networks was
made by playing a test tape of the 26 word vocabulary through

! Ahmed, R. and Fatechard, R., "Effect of Sample Duration on
Articulation of Sounds in Normal and Clipped Speech",
Journal of Acoustical Society of America, Vol. 31, 1959, pp
1022-1029.
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Table 3-VI. VOX Network Attack Time
Performance Test

Test Adaptive Threshold VOX Radiometer VOX
Mode Attack Time (ms) Attach Time (ms)
1. Alpha 5 10
2. Bravo ' 10 20
3. Charlie 20 60
4. Delta 10 20
5. Echo 5 5
6+ Foxtrot 20 30
7. Golf 20 10
8. Hotel 30 50
9. India 10 20
10. Juliet 40 50
11, Kilo 10 50
12. Lima 20 40
13. Mike 5 5
14. November 5 10
15. Oscar 5 20
16. Papa 50 50
17. Quebec 50 40
18. Romeo 110, 30
19. Sierra 30 140
20. Tango 20 70
21. Uniform 10 60
22, Victor 10 25
23. Whiskey 10 20
24, X-Ray 5 >
25. Yankee 20 50
26, Z2ulu 50 70
AVERAGE ATTACK i = 17 ms T = 35 ms
TIME avg ave
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each VOX and then listening to the VOX output. In general,
the subjective evaluation confirmed the attack time test re-
sults. All words passed through the Adaptive Threshold VOX
were heard correctly while the word "Sierra" was heard incor-
rectly with the radiometer VOX.

Additional tests were run on both VOX networks to
evaluate performance in a high noise background and over a
wide dynamic voice range. Both VOX networks operated
reliably without false keying at voice peak-to-RMS-noise
ratios of 10 dB or less. Each VOX network was also capable
of operation over an input dynamic range of 20 dB.

The use of a VOX network in the intercom system
remains to be determined at this point in the study. Results
to date show that an adaptive threshold VOX provides accept-
able performance when operating in a noisy environment
characterized by flat noise. Questions which remain to be
answered on the application of a VOX network in intercom
systems are listed as follows:

1. Environmental Noise - False keying perfor-
mance has been evaluated in the lab with con-
ventional test equipment. Although
performance was good, the VOX network should
be evaluated in a real-world vehicle
operating environment to assure there are no
unique vehicle noise characteristics which
cause false keying.

2. User Safety - In the day-to-day operation of
an army vehicle, there are one word commands
among crewmembers which coordinate the opera-
tion of the vehicle. The safety of the crew-
members depends on reliably receiving these
commands. Truncation of key command words by
the VOX network could lead to word misinter-
pretation. This could pose a safety problem
within the vehicle. Command words such as
"power" prior to turret rotation must be
received correctly by each crewmember such
that hands are in a safe position during
turret rotation. Such safety considerations
with respect to use of a VOX must be
discussed with the user.

3. Cost Effectiveness - It remains to be deter-
mined if the mobility provided the user by
the VOX is significant with respect to added
system cost.

Control Techniques

The VIS has an expanded control requirements over
that of the AN/VIC-1 equipment. This control will be locted
in the commander's control station and the intercom/radio
functions which must be controlled as follows:
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1. Radio Controls - Front panel switches are
provided on the intercom commander's control
station for operating up to three vehicular
R/T units. Controls include: frequency pre-
sets, RF power select, ECCM, PT/CT. In SINC-
GARS-V radio.

2. Crewmember Station Control - The operaftion of
crewmember stations must be monitored and
controlled by the commander's control sta-
tion. Functions to be controlled include:
radio access, external station intercom/radio
access and alarm distribution.

3. Auxiliary Command Station - Provisions must
be made for connection of an auxiliary com-
mand station to the commander's station such
that a second crewmember can have access to
control of the vehicular radios by the pri-
mary and auxiliary command station.

A block diagram is shown in Figure 3-11, which
illustrates the present assessment of control functions which
must be processed by the intercom commander's control sta-
tion. In this diagram it is seen that control busses distri-
bute and collect control information from four areas: crew-
member stations, vehicular radios, commander control station
front panel, and XMIT audio module. The processing of this
information is provded by the controller I/O and central
controller unit of Figure 3-11. The electrical design of
these control networks must provide an efficient I/0 which
minimizes interconnect wires and control circuits which mini-
mize hardware. Two approaches to the design of these I/O and
control circuits have been studied and these are:

1. Discrete I/0 under control of a dedicated
discrete logic network.

2. Discrete I/0 which can be combined into an
integrated control subsystem under micro-
processor control.

In Figure 3-11, it is necessary for the con-
troller I/0 to provide the following interface functions:

l. Front Panel Controls - 15 lines of discrete
control information must be processed and
routed to respective radio and intercom
control outputs.
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2. Crewmember Station Radio Control - Radioc
control bytes from the crewmemper stations
are received via the TDM interface. These
control bytes must be processed and then
routed to the XMIT audio module which selects
the appropriate radio for transmission.

Also, the PTT control bit is routed to the
respective radio depending on the position of
the command station access control switch.

3. Radio Control - Three 2-wire serial output
lines are provided for transferring command/
control information to the SINCGARS-V radios.

4. Auxiliary Command Station - A 2-wire serial
input is provided to accept radio command
signals from an auxiliary command station.

5. XMIT Audio Module - Three 8-to-1 multiplexers
provide for routing user voice signals to
radio XMIT ports. A three bit station select
word is strobed into the multiplexers by one
of three separate radio XMIT select strobes.

Of the two circuit approaches considered for
implementing these control I/0 functions, the following
advantages and disadvantages are considered in Table 3-VII.

The trade-off analysis in Table 3-VII clearly
points out that the lower cost, smaller size, and flexibility
of a microprocessor control approach is the optimum method of
control for the intercom system. The following paragraphs
described in some detail I/0 and control approaches which
will be implemented using a microprocessor. Functions to ke
controlled by a one chip microprocessor in the intercom
system are summarized as follows:

Front Panel

Intercom control switches are binary coded.
Refer to Figure 3-11. The microprocessor scans every 10 ms
the following four switches: retransmit, radio access,
enter, and external station. If the enter switch was
pressed, the following switches are sampled to be stored for
transmission to the radio: radio select, presets, RF power
level, ECCM/normal, and CT/PT. The switches not used by the
microprocessor are as follows: power, radio power, intercom
accent, and commander's headset controls.
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SINCGARS-V Radios

When the front panel control microprocessor
subroutine has indicated a change in radio operation, the
radio interface subroutine is called. The radio update
information is then formatted into a Universal Asynchronous
Receiver Transmitter (UART) format (i.e., start, stop, and
parity bits are added). An external reference clock is then
used to transmit information to the SINCGARS-V radios. The
microprocessor then looks for the valid receive word back
from the radio. The operator will be alerted if an error
should occur in transmission.

Radio transmit control involves three separate
I1/0 ports. Referring to Figure 3-11, the microprocessor is
informed of transmission requests by users through the TDM
interface network. The microprocessor enables each TDM net-
work, one at a time, to send its control bits over the
control bit bus. The control bit bus is shared between all
TDM networks. If there are any conflicts in requests, the
microprocessor decides who has priority. Once informed of
the request, the microprocessor strobes the XMIT audio module
with the 3-bit station select word so as to connect the indi-
vidual user audio with the radio. The third I/0 port sends
PTT information.

Auxiliary Commander's Control Station

When the auxiliary station is connected to the
commander's station, a pin is grounded notifying the micro-
processor to check the auxiliary serial port for a trans-
mission from auxiliary control. If a transmission is
received, then the controls are updated. If the micropro-
cessor is not in the process of receiving a transmission from
the auxiliary unit, the front panel of the commander's sta-
tion 1is scanned. If switches have been changed, operator
control is transferred back from the auxiliary to the com-
mander's station. Transmission over the auxiliary serial
link is in a digital UART format. This results in a reduc-
tion in software. The same UART subroutines used for SINC-
GARS-V radios can be used for the auxiliary link.

A microprocessor based central controller design
was completed. The work resulted in hardware selection and
basic interconnect diagrams along with general flow charts.
The flow charts detail computer program flow and given an
indication of memory requirements and execution times.

In the hardware implementation, an RCA COMSAC
microporocessor, CDP1804, was chosen. This microprocessor
offers a low cost, small package system because CPU, ROM, anad
RAM are in one chip. This device will start in production




during the fourth quarter of this year and is expected to be
military approved shortly thereafter. If problems should
develop with military qualification, the 1802 is pin-for-pin
compatible with the 1804 and software could be modified so as
to use only a ROM and only internal CPU registers. This
would eliminate the need for read/write memory RWM. The 1802
is expected to be military qualified by the end of this year.

The 1804 has on chip 2K of ROM, 64 bytes of RAM
and an 8-bit timer. It is an 8-bit SOS/CMOS microprocessor.
Referring to Figure 3-12, the inputs from front panel
switches of the commander's control station are sampled using
tri-states to gate the information into the microprocessor.
Debouncing of switches is provided for in software. R/T sta-
tus information is stored in one byte of RAM for each R/T and
can be output directly without reformatting to the displays
using only one output command. This is possible because pre-
set requires three bits, RF power requires three and ECCM and
CT each require one bit, making the total eight bits or one
byte. COMSEC is controlled by three lines which control
switches to turn the COMSEC units to CT. Three bits of the
same latch control R/T press-to-talk. One bit of the latch
controls retransmit.

The four bit latch controls the situation of
which R/T or auxiliary the digital line drivers and receivers
are connected to. Software simulates a universal asynchro-
nous receiver transmitter (UART) using the Q flipflop in con-
junction with a digital line driver and a line receiver
feeding into the microprocessor using EFI. One bit of the
eight bit latch controls the gating 6f a tone generator onto
the digital line so as to signal the R/T that a control
message will follow.

Crewmember and commander PTT control is provided
for by the microprocessor. When a crewmember requests to
transmit, the TDM networks provide the microprocessor with
this information along with which R/T was selected. The
microprocessor then transfers the TDM station number to the
appropriate R/T multiplexer in the transmit audio module.
Timing diagrams for TDM and XMIT AUDIO interfaces are shown
in Figures 3~13 and 3-14.

Software flow charts are given in Figure 3-15.
These flow charts would later lead to a more detailed flow
chart and then to assembly language code. A detailed flow
chart should not be started until the advanced development
stage (which results in deliverable hardware) because minor
details of the system may change. This would require a new
detailed flow chart.
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For control of SINCGARS-V radios, the micropro-
cessor must transmit and receive eight UART words. Each UART
word contains eight information bits plus one start and one
stop bit. The protocol of controlling a R/T remotely is ex-
plained in detail in Volume 2 of ITT-A/OD's SINCGARS~V pro-
posal. The auxiliary station will use the same UART sub-
routines as the R/T. Bit definitions are given in Table 3-VIII.

Front panel operation was explained in the Second
Quarterly Report. Two things should be repeated from this
report. First, in retransmit mode, if the commander is dis-
playing a retransmit radio status, his display will flash at
a 1 Hz rate. Second, if a SINCGARS-V radio should fail to
tune remotely, zeros will be displayed in the preset and RF
power displays.

The microprocessor software simulates a UART
using the 8-bit programmable timer for timing. The UART for-
mat is used for remote operation of R/T and auxiliary
commander's station interface. The R/T UART bit definition
and synchronization schemes are given in Volume 2 of ITT-
A/OD's SINCGARS-V proposal. If an error should occur in UART
transmission, the software will detect this and display zero
for preset and RF power. For the auxiliary interface, the
bit definitions are given in Table 3-VIII. Synchronization
proceeds as follows: commander's station waits until the
processing load is low (i.e., no R/T status change from its
front panel). The commander's station then transmits the
status of one R/T to the auxiliary station. The auxiliary
station immediately responds with either of the two words
from Table 3-VIII. If the command microprocessor does not
detect the auxiliary transmission, a time out occurs and the
command microprocessor continues to process other infor-
mation. When the command microprocessor receives a valid
transmission from the auxiliary microprocessor, one of two
possible actions takes place. The first possibility is to
receive word 1 in which case the auxiliary R/T select pointer
is updated to point to the information to be sent in the next
command to auxiliary station UART transmission. If the
change bit is set, then COMSEC is updated for that R/T. The
second possibility is receiving word 2 in which case the R/T
is updated both in command memory and through UART trans-
mission to the R/T.

Response time for remote tuning is limited by
speed of serial interface to the radios. All processing of
other information stops during the remote tuning of an R/T.
This degrades control response as well as response to PTT.
This degradation in control response will only be seen when
both command and auxiliary stations simultaneously request an
R/T status change. Worst case PTT delay (when radios are not
being tuned remotely) is 13.0 ms and is due to the commander-
auxiliary interface.
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Table 3-VIII. Auxiliary Station UART Bit Definitions

Commander's Station to Auxiliary Station

Preset

RF Power

ECCM

&

NOTE: Bits are all zero denotes a remote transmission
problem. Bits all one denotes retransmit blank.

Auxiliary Station to Commander's Station

Word 1 (no remote tuning necessary)
Not Used
Update
CT
R/T Select
Identifier = 1
Word 2 (needs remote tuning)
Preset
RF Power
ECCM

Identifier = 0
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Estimated program size is 900 bytes of ROM. This
estimate is high because it was based on using the RCA
CDP1802 with no RAM. Only internal registers to the CPU were
used for calculations. Since an RCA CDP1804 does have a
small amount of RAM on the chip, the program size will be
considerably smaller. The 1804 will also make I/O less cum-
bersome.

Application of Fiber Optic Cable in VIS

The use of fiber optic cable to interconnect the
VIS components was considered because of the high ambient
noise environment of the track vehicles and the possibility
of cable pick-up adding to the system noise and degrading ;
performance. At the present time, there is a lot of activity
in optical cable and connector development and although a
fiber optic system would have a higher cost than wireline,
the cost difference will become smaller in the next three to
five years.

ITT-A/OD's VIS would adapt very readily to fiber
optic use because of the TDM technique used. The real
problem in using fiber optics, other than cost, is the
routing of signals through turret ship rings. At the present
time there is not enough need to require an optical type of
slip ring and it is doubtful if one will ever be developed.
This is further substantiated by the fact that the XM-1 tank
routes hydraulic lines through the slip ring area which would
further complicate implementing an optical slip ring.

In consideration of the wirelines, by utilizing a
twisted cable pair and digital techniques, a high degree of
noise immunity is achieved and therefore a fiber optic system
may not be justified on a cost basis.

Connector Selection

Connectors presently in consideration by ITT-A/OD
for the intercom fall into three areas: signal, audio, and
binding post.

Signal connectors are the type consistent with
MIL-C-26482, Series I. This connector offers high reliabi-
lity and will withstand the environment the intercom will be
exposed to. These miniature circular connectors have a size
consistent with the mounting area on the boxes with enough
pins to keep the number of connectors at a minimum.

The audio connector is a standard six-pin con-
nector which conforms to the performance requirements of
MIL-C-5516. These connectors are mated with a twist-lock
motion and have spring-loaded contacts for positive electri-
cal connection with minimum voltage drop.
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The binding posts selected are per MIL-P-55149,
Type PBOBNAOl or an equivalent. These binding posts are
designed for use in sealed equipment requiring external con-
nections. Designed for vehicular units, these posts have
heavy spring pressure to ensure good contact on small soft
wire or heavy steel and copper conductors.

Commander's Station Connector Consideration and Alternatives

The commander's station interfaces with up to ten
other boxes (i.e., radio, crew station, etc.). These inter-
faces represent about 110 wires that could connect to the
command station. In addition to the wire numbers, it would
be advantageous to leave one side of the commander's station
free of connections so installation would take a minimum
amount of rework in retrofit situations.

There are four basic approaches to the inter-
connect wiring:

1. Point-to-point wiring

2. Multi-termination cable

3. Junction boxes in cable

4. Multiplexing to reduce wire numbers.

Point-to-point wiring has a connector for each
place the wires are routed. This type of wiring has the
following advantages: 1) easy to maintain the wiring system,
2) increased reliability in that if one system fails because
of wiring, it has no effect on any other system. The disad-
vantages are: 1) too many connectors in the commander's box
rasults in operator cable intanglement and potential for
wrong connections, and 2) cost increases since internal
wiring complexity increases as the number of connectors
increases.

Figure 3-16 depicts a typical connector configu-
ration showing locations and sizes of connectors around the
commander's control box with this tvpe of wiring.

Multi-termination cable offers the ability to
consolidate many little connectors around the commander's box
into a few large connectors. The cabling would be
constructed in such a manner that it would branch to the
various points around the vehicle. This type configuration
offers the following advantages:

l. Reduced number of connectors which increases
the system reliability.

2. Reduced costs in assembly and in purchased
part cost.
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The basic disadvantages are:

1. Maintainability of the branching cable. A
great deal of down time would be required to
service a cable of this type.

2. Interchangeability of the system components
could be a problem if the particular cable in
the vehicle did not include provisions for
every option.

These problems could be reduced by using protective conduit
that would allow wires to pass through it. Connectors and
wiring could be maintained without ever removing the complete
assembly from the vehicle. This type of system would take up
more space than a plain wire cable which is currently used.
The cost of the conduit would exceed the savings made by re-
ducing the amount of the connectors. Evaluations of life-
cycle cost have not been made.

Junction boxes in the cable offer the following
advantages:

1. Consolidated connector at the commander's
station to reduce connector clutter and
problems in mounting the box.

2. Requires no complicated wiring harnesses.

3. The wiring harness can be maintained in sec-
tions that are easy to replace the field.

The disadvantages of such a system would be:
1. Cost in additional connectors.
2. Reliability.
3. Additional space required (for boxes).

Each time one introduces a break in the trans-
mission line, the probability of failure increases.

Figure 3-17 shows a typical connector con-
figuration of the commander's box if multi-termination or
junction box wiring were used.

Multiplexing of the circuits would reduce the
number of wires by making wires do multi-tasks. This would
reduce the number of wires but the problem of how to cable to
many unrelated boxes would still exist.

In the final selection of how the intercom system
is cabled together, the following criteria must be addressed:
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1. Maintainability

2. Space conservation

3. Cost

4, Reliability

5. Wiring adaptable to all vehicles

. Through trips to various installations and con-
ferences with Government personnel, ITT-A/OD has determined
that maintainability is the key issue. To have good main-
tainability, one must use simple point-to-point cabling.

This can be accomplished in a variety of wavs (i.e., junction
box, in-line cable connectors, etc.).

The final solution will be determined by various
trade-offs of the other four criteria for cable selection.
This solution will be made at a later time when installation
configuration is better defined.

Crew Station Front Panel and Connector Location

Crew station boxes should be approximately the
same size as the present system. Probably a slightly reduced
size could be expected. Figure 2-3 shows a typical configu-
ration of a crew station. The front panel consists of three
knobs: 1) radio select, which controls which radio the crew-
member receives or transmits over; 2) audio select, which
allows the crewmember to select what he hears; and 3) volume.

The station uses three connectors: 1) links the
crew station to the commander's station; 2) an audio connec-
tor to connect the crewmember's headset; and 3) a connector
which allows the crewmember to use remote keying. Other fea-
tures which should be considered for the crew station are:

1) guarter-inch diameter shafts for switches and pots;
2) mounting pattern identical to present units; and 3) heavy
mounting feet to bolt to.

Location of Commander's Station on M-60 Tank and XM-1 Tank

The ITT-A/OD Intercom System is configured dif-
ferently from the present AN/VIC-1 system. The "new" inter-
com system eliminates the AM-1780 and combines all the
functions of this module into the commander's station module
which is the same physical size as the AM-1780. (A complete
description of the ITT-A/OD commander's station can be found
in the First Quarterly Report, ECOM-77-0189-1-A).

An auxiliary commander's station, which is the
same physical size as the proposed commander's station, will
be used by the loader in the tank. In the M-60 it can fit
where the present intercom station is; and in the XM-1 it
could be located either at the present station location or
where the AM-1780 amplifier is located. Figures 3-18 and
3-19 show the typical system hook-up.
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Wireless Evaluation

During the VIS study, wireless techniques were
analyzed to determine which could possibly be used in the
wireless portion of the intercom. The techniques evaluated

were:

UHF FM 415 MHz
Microwave
Ultrasonic
Infrared

These techniques were evaluated as they would be applied for
wireless intercom use with the following being the criteria

for selection:

Operation Suitability - Will the system per-
form the required functions with little or no
additional operator training?

Difficulty of Implementation - Are there any
characteristics of the technique that would
not adapt to use in a tracked vehicle, i.e.
special mounting reguirements, environmental
problems?

Interference Susceptibility - Is there other
eguipment aboard tracked vehicles which will
interfere with a techniques operation?

EMI or Other Types of Interference - Will
this technique interfere with equipment
already installed in tracked vehicles?

TEMPEST - Will information transferred over
the wireless link be susceptible to inter~
ception by unauthorized people?

Relative Cost - How does each technique com-
pare as to cost?

Battery Drain - Because the crew set portion
of the wireless intercom must operate on bat-
teries, what is the relative power require-
ments of each technigue?

Health Hazard - Will any of these techniques
be detrimental to the operator's health?

The mathematical analysis for the wireless system

1s presented

contains the

in Appendices A and B. A 1s unclassified and
ultrasonic and infrared analysis. B 1s the

classified appendix and contains the microwave and UHF-FM

analysis.

~J
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The wireless requirement is to provide a wireless
intercom for internal use and external use of at least 15
meters and a design goal of 50 meters.

It was discovered in the study for external use
the UHF-FM system had the capability for 50 meters. This
system however, would not meet the TEMPEST requirements as
shown in Appendix B.

A further study was done to select a system which
would be required to operate only internally. This resulted
in a second technique which was more suited to the tracked
vehicle but could not operate reliably external to the
vehicle. Table 3-IX compares the techniques when analyzed
for both internal and external operation up to 50 meters.

From this portion of the study the UHF-FM system
was selected. Because of the on-board interference of the
VHF radio equipment the RF power levels required exceed the
TEMPEST limits and there is the possibility of the internal
RF system interferring with on-board equipment although the
recommended RF levels are quite low and if the other equip-
ment meets the susceptibility requirements of MIL-STD-4614,
Notice 4, this should not be a problemn.

Table 3-X compares the technigques when evaluated
for internal use only. Without the outside requirement the
infrared is the selected technique of the wireless intercom.
This system will not interfere with other on-board equipment,
uses lnexpensive components and provides a full duplex wire-
less system. This sytem is susceptible to direct sunlight
and will have a high reliability when used external to the
vehicle. When operating external to the vehicle there is
also a possibility of the infrared being detected with the
aid of IR detectors such as night vision goggles.
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4 AVERAGE COST ESTIMATES

, amends
o It sta-
e for 1,000

Contract DAABO07-77-C-0189, Section F.2
specification number DS-AF-0246A(A) Paragraph 3.1
tes requirements for an average unit cost estimat
systems subdivided in the following manner:

"a. Recurring Manufacturing. Cost of the
material, labor and other expenses incurred
in the fabrication and check out needed for
the final system; including GFE and material
as well as costs of subcontractors and
purchased equipment.

b. Recurring Engineering. Cost of all engi-
neering effort performed in support of pro-
duction, including maintainability and
reliability engineering, maintenance engi-
neering, value engineering, and production
engineering costs associated with th
system.

c. Sustaining Tooling. Cost of maintenance,
replacement or modification of tools and
test equipment after the start of
production.

d. Quality Control. Cost of implementation of
controls necessary to ensure that a manu-
facturing process produces a system which
meets the prescribed standards."

The system will equip an M-60 or XM-1 tank. It
is shown in Figure 4-1 and contains the following components:

e 1 Commander's control station

-~

@ 3 Internal crew stations

The study effort of the wireless technigues and
external station did not include development of a system to
he point that meaningful cost information could be derived.
The wireless systems thercfore were not included in the
costing effort. The estimate was based on schematics,
detailed block diagrams, plus breadboarded circuits. Parts
lists were derived from all three of these.

The cost estimate assumes a one year LRIP program

in 1979 dollars. Resulting estimates are as follows:
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a. Manufacturing

~Commander's Station $1080
Three Crew Stations $ 570 ea. $1710
$2790 Sys.
b. Recurring Engineering
Commander's Station 5 32
Three Crew Stations S 16 ea. §$ 48
$ 80 Sys.

c. For a level of 1,000 units, sustaining tooling
would not be required.

d. Quality Control

Commander's Station S 6
Three Crew Stations S 3 eas S$. 9
S8 15 Sys.
TOTAL SYSTEM COST
Commander's Station 51118
Three Crew Stations $ 589 ea. $1767
$2885 Sys.

The VIS system study incorporated many techniques
to reduce the labor requirements to manufacture the system.
They include automatic insertion, flexible circuit boards in
the place of a wiring harness and connector versus wiring
interfaces between printed circuit boards.

Per contract requirement, the estimate covers the
anticipated recurring costs for the first one thousand inter-
com systems in the 1979 time frame. For higher volume pro-
duction such as ten thousand systems a substantial reduction
could be possible. This is particularly true in light of the
high CMOS utilization with its current trend toward
decreasing costs.

A significant reduction is also substantiated by
the history of the AN/VRC-12 radio series equipment, which
operates with the present AN/VIC-1 intercom, showed a raduc-
tion of one-half to one-third of the initial buy recurring
costs after full production volume was reached.
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5 LSA RESULTS

Logistics Support Analysis (LSA) Results

LSA responsibility in the study phase was to aid
in system configuration which considers:

a. Operation simplicity

b. Maintenance characteristics

c. Provisioning of spares and repair parts
d. Reliability

e. Support and test equipment requirements

and also have the lowest life cycle costs possible. The con-
sideration of a., b., and c. above helped determine the VIS
system as it appears in Section 2.0 of this report.

Provision d., reliability, is determined of course, by the
reliability of the piece parts which are used in the VIS.
Determining the "Class" of parts to select becomes a trade-
off system cost versus reliability. Using the GEMM computer
program to model the VIS it was possible to determine life
cycle cost for a given parts "Class" and reliability.

System (same system used for average unit cost
estimates Section 4.0) reliability was calculated in accor-
dance with MIL-HDBK-217B.

Using MIL-M-38510, Class B versus Class C parts
results in 17,300 versus 2,800 Mean Time Between Failure
(MTBF) respectively. The life cycle cost ratio between
Class B and Class C parts was 1.44 to 1.0. The cost penalty
for a high MTBF must be carefully considered. There is the
possibility of combining MIL-M-38510 Class B and Class C
parts to have a fairly high MTBF with a lesser increase in
life cycle cost. Another option would be to have a burn-in
prior to shipping to eliminate infant mortality failures
which will increase MTBF and also life cycle cost. These
last two options have not been analyzed to provide quan-
titative data as to MTBF and life cycle cost.

The MTBF for the above analysis was determined by
using the formulas specified in MIL-HDBK-217B for calculating
CMOS component failure rates. These equations do not take
into account reliability increases achieved by operating at
lower supply voltages with CMOS parts.

Manufacturers of CMOS devices are constantly
trying to improve the reliability of their CMOS devices and
their data indicates much lower failure rates than the MIL-
HDBK-217B calculations,

19




There are several manufacturers of CMOS devices
which provide high reliability devices. For comparison,
Motorola data was used to compare with MIL-HDBK-217B calcula-
tions. The results follow:

Reliability Device Operating | Failure Rate
Data Source Type Voltage | 55 € 85 C 125 6
Motorola Composite Avg. 10 Vdc .025%/10 .92%/10 Hr. 28%/10 Hr
of 32 Devices Hr
18 Vdc .6%/10 Hr 15%/10 Hr .43%/10 Hr

MIL-M- 38510 4013 Sual-0 Not 1.34%/10 Not Not
Class 3 per Flipflop Specified Hr Calculated Calculated
MIL-HDBK-2178

[
2
e

From the above data it is seen that a Motorola CMOS part,
which is manufactured according to MIL-STD-883, Class C spe-
cifications, exhibits significantly lower failure rates 1if
operated at lower than maximum dc.

ITT-A/OD received a MIL-HDBK-217B after the
start of the study program. Using Notice 4 provides a 3:1
improvement factor for CMOS stress reduction over the initial
calculations which is an improvement but is still below manu-
facturer's data.

The parts list used and that has been reported on
in the first part of this section was developed early in the
study program to provide for the first LSAM report. As the
study program progressed and the VIS was defined 1n greater
detail, this parts list was expanded and updated to the point
that the VIS system could be built with this parts list. The
final parts list was used for the "average unit cost
estimate" and the LSAM final report. MIL-M-38510, Class C
parts were utilized because of the significant reduction of
both unit production cost and life cycle costs over MIL-M-
38510 Class B parts. The Class C parts do not provide the
12,000 hour MTBF required but does provide a 3,092 hour MTBF
and an availability of 97.9 percent which is much higher than
90 percent which is considered adeqguate.
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APPENDIX A

INFRARED WIRELESS COMMUNICATION LINK ANALYSIS

In the proposal two types of infrared (IR)
wireless communication were discussed. These were a pulsed
FM IR system and a pulse modulated TDM system. In each IR
approach, short duration pulses are modulated onto the IR
light carrier. 1In the FM case, the pulses are frequency
modulated by the voice signal. 1In the TDM case, digitized
voice plus command signals are pulse modulated onto the light
carrier. The following is a general analysis of a pulse
modulated IR communication link. The results are applicable
to both the FM or TDM pulse modulation formats. For pulse
transmission systems, the optimum SNR at the receiver is pro-
vided when B (receiver 3 dB BW) is on the order of 0.4/ T
where r is pulse width. For an FM pulse modulated system, a
carrier freguency of 100 kHz is typical and the pulse width
is between 25 and 50us. For a single channel TDM system
discussed in Section 3 of this report, the 240 kbps data rate
results in a pulse width of about 4 us. A post detection SNR
of at least 10 dB is required for effective FM demodulation
and at least 19 dB is required to provide a 10°° bit error
rate for the TDM system.

The following analysis will show the perfor-
mance of an IR link both inside and outside an Army vehicle.
It is shown that an IR can easily support the omni-
directional transmission of narrow pulses at distances 1in
excess of 3 meters inside the vehicle. The only constraint
on such a link is the level of background light interference.
For an external IR system, omni-directional transmission at a
range of 50 meters is shown to be unfeasible due to the path
loss and the interference due to direct sunlight.

A typical single emitter/single detector IR
communication link is shown in Figure A-1l. Upon analysis of
this link a more general IR array configuration for omni-
directional communication will be described. 1In Figure A-1,
an LD 271 (GaAs)IR emitting diode transmits TDM pulses and
exhibits the following characteristics:

IF (forward bias current) = 100 mA
Vg (bias voltage) = 1.35 volts
Input power = Pin = 135 mW
Output intensity = I = 15 mW/
steradian
Efficiency = 11%
Wavelength = 0.95 ym
Half intensity beam
angle Oyt = 30°
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These parameters are further defined in Figure A-1.
At the receiver, which is located 3 meters away, 2 BP 104
photodiode is used to detect the IR TDM pulses. The charac-
teristics of the receiver photodiode are listed as follows:

Radiant Responsivity =p = 0.71 pyA/uw (@ 0.9 um)

Photodiode Active Area = 5.06 mm<
Capacitance = 10 pF
-Dark Current = Ig = 2 nA

This communication link can now be analyzed as pre-
sented in the following equations. The signal-to-noise ratio
at the output of a PIN photodiode receiver is approximated by:

ozPéRS

et e e FKT_B 3
where

o) = responsivity of photodiode (amperes/watt)

PS = received signal power (watts)

Pb = received background power (watts)

RS = lcad resistance (ohms)

q = charge on an electron (1.6 x 10°!? coulomb)

B = bandwidth (Hz)

F = noise factor of preamplifier

k = Boltzmann's constant (1.38 x 10723 joule/K)

Ty = 290K

Id = detector dark current (amperes)

An FET preamplifier with an input resistance much
greater than RS is assumed in Equation (1).

The value of the load resistor Ry is determined by
the system bandwidth and the photodiode capacitance %) by:

1

R . {2)
S 2
where ‘HFCcp
FC = cutoff frequency (Hdz)
Cp = diode capacity (farads)
For a 40 kbps system and a diode capacity of 10 pF
R = i
s 2r x 20 x 103 x 10 x 10-12 - 800K ohms
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A sub-optimum of bandwidth of B = : was used as a

first approximation of the requirea bandwidth. The choice of
an optimum bandwidth depends on the amount of inter-symbol
interference which can be tolerated.

2 1-
RS - 2rnfc
For a 240 kbps system:

1 -
Be ™ R TI0 % 10° %16 z 1otz - 133 K ohms,
Evaluation of equation 1 for required signal power for the

following values:

R = 800 K ohms

S 4
B = 20 x 10° Hz
o = 0.71 A/watt

A/N = 19 dB

o]

Id =2 x 10 ° A

F = 3 dB, and

Pd =0
yields Po = 3.55 x 1077 mW for a 40 kbps data systenm.
Similaxrly, for

R, = 133 K ohm

o

B = 120 x 103 Hz

) = 0.71 A/watt

S/N = 19 dB

= -9

Id 2% 0 A

F = 3 dB, and

Pd =0
Pg = 2.13 x 10~° mW for the 240 kbit/s data systenm 1
The required power density, g is

:‘S - PS/Ad q
where

Pg = required input signal power

active area of photodiode

T
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For R = 3 meters, the required output intensities
are 0.63 mW/steradian and 3.79 mW/steradian for the 40 kbps
and the 240 kbps systems, respectively. This analysis shows
that an IR source such as the LD271 which has an output power
of 15 mW/steradian can be used in this application.

Evaluation of Equation 1 for Pg = 2.13 x 107° mW
and Pb'+0 in the 240 kbps system yields:

(0.71)2(2.13%x10 ¢)2 x 33x10°3

S 2 x 1.6 % 10'19(0.7lx2.l3xlO'E+O.7le+2.lO'?)

133x103+4 kT _BF
3.04 x 10 13

6.44x]0720 + 3.02xlO'1“Pb + 8.15x10723 + 3.84x10"15

Obviously the signal-to-noise ratio is limited by
the noise figure of the preamplifier since this term is 5
orders of magnitude larger than the noise due to the signal.
By setting the noise term due to background light equal to
the noise due to the preamplifier and solving for Py , the
amount of background light reaquired to degrade the signal-
to-noise ratio 3 dB is determined.

3.02 x 10 1% P, = 3.84x 10715

Pp

In an Army tank the level of background light is as
vet unknown but is probably in large amount generated by
incandescent lights. The use of tungsten filament incan-
descent lights presents the most severe interference problem,
since almost all of the light's output power is generated at
IR. For a 10 watt lamp the efficacy (K) of the bulb is 7.9
lumens/watts and the output liminous flux if 79 lumens, the
corresponding radiant flux is 10 watts. Most of all radiant
power for a tungsten light bulb is dissipated at IR wave-
lengths at about 1 um. If a 10 watt tungsten lamp is con-
sidered a point source for analysis purposes, then the
radiant intensity at 1.0 um is 790 mW/steradian. The irra-
diance of a 10 watt bulb at three meters is then 87.7 mW/m~“.
The total power which falls on an area of 5.06 mm? is there-
fore 0.444 x 10~3 mW. It may be concluded that an IR wire-
less system is feasible inside a vehicle unless an inordinate
amount of internal illumination is used.

127 mwW

Since an IR wireless approach is possible for
internal use, the design of the emitter and detector arrays
on the user's set becomes important. It is highly desirable
to obtain omni-directional coverage with as few emitters as
possible to conserve power for the wireless user. The design
of the central transmitter/receiver array at the intercom
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commander's control station is less critical since power con-
sumption is not a problem. It is proposed that only two LED
arrays and two photodiodes be located on each user's headset.
Complete angular coverage can be provided by arrays of LED's
and photodiodes in the vehicle. This approach offers minimum
battery power consumption.

The foregoing analysis is only applicable to IR
communications internal to the vehicle where ranges are on
the order of 3 meters and interference is dus to incandescent
lights is not a problem. External to the vehicle the level
of background light interference increases, path losses
increase at distances of 50 meters and detectability by the
enemy becomes a problem. If Equations (1) and (3) are
applied to an IR link operating at 50 meters and it is
desired to achieve the same signal power reguired in the pre-
vious design case for a range of 3 meters, then the required
output intensity of the transmitting diodes is 1 watt/
steradian. This high transmit intensity is obviously not
practical for the wireless communication system under con-
sideration.

The other limiting factor in utilizing IR wireless
techniques external to the vehicle is the presence of
sunlight interference. On an overcast day the spectral inci-
dence of sunlight is about 6W/m?/um at a wavelength of 1 um.
The typical bandwidth of an IR receiver in terms of wave-
length is about 0.4 um. The irradiance of the interference
reaching the detector is about 2.4 W/m?>. This corresponds to
an irradiance of 2.4 x 10°° W/mm?. For a BP 104 detector
diode with an area of 5.06 mm?, the detected power level at
1 um due to sunlight on an overcast day would be about 1.2 x
107° W. This level of light interference will not degrade
the signal-to-noise ratio at the output of the detector
diode. Direct sunlight will definitely render an IR wireless
system inoperable.

Conclusion:

The infrared system will adapt readily for inter-
nal wireless intercom use. The use external to the vehicle
is marginal due to power requirements for the distances
involved (15 - 50 meters). Direct sunlight on the photo-
diodes will wash out the infrared system.

Commercial infrared remote control systems are
being developed for television and stereo systems which are
bringing the cost of the IR devices down. An IR system can
be developed rather inexpensively.

06




Application considerations will be:

a. The bit rate at which the IR devices are
capable of operating

b. How can full 360° operation be achieved by
the relatively directive devices?

Operating Rate of IR Devices:

From the analysis and data sheets for IR devices,
they are capable of operating at approximately 1 Mbps. As
the bit rate is increased, the power requirements also
increase. From the viewpoint of the VIS a bit rate high
enough to support more than one wireless channel would give
the wireless system a higher degree of flexibility. Table A-I
gives the bit rate per wireless channel and also the power
requirement for operation at 3 meters with a bit error (BER)
rate of 1072,

Table A-I. IR Operating Rate -VS- Power Required for 10~ 5BER

1 Wireless Channel 240 kbps 3.8 mW/Steradian
2 Wireless Channels 360 kbps 5.7 mW/Steradian
3 Wireless Channels 480 kbps 7.7 mW/Steradian
4 Wireless Channels 600 kbps 9.5 mW/Steradian

When implementing the wireless system, it will be necessary
to guarantee operation regardless of the user's position
inside the tracked vehicle. If there is no reflection of IR
inside the vehicle, satellite IR transceivers would be
required around the interior of the vehicle as well as an IR
transceiver on the front and the back of the operator as
shown in Figure A-2. Each satellite transceiver would con-
tain an IR LED array which will produce a 90° half inten-
sity beam angle. 1If there are reflections inside the tracked
vehicles, then possibly one transceiver could be used with a
larger diode array to provide power sufficient for 107

BER operation.
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ULTRASONIC WIRELESS COMMUNICATION LINK ANALYSIS

Transducers

There are a limited number of transducers that
operate in the ultrasonic frequency range. Of these, the
piezo electric crystal, are the best choice for the intercom
application. The piezo electric transducer has a very high
dynamic range of operation. It is relatively rugged and by
choosing the proper material is easily driven by solid-state
devices. Of the various materials available, the most pro-
mising is the barium titanate or lead zirconate titanate.
Both of these materials can be driven with relatively low
voltage while quartz, which is a good material in many
respects, requires a very high voltage drive. Materials such
as Rochelle Salt, which has many desirable characteristics,
are highly affected by temperature and humidity. The equiva-
lent circuit of a piezo electric transducer is shown in
Figure A-3. This circuit represents the normal transmitting
circuit; however, the receiver circuit results by replacing
the acoustic impedance, Ry, by a generator and connecting
the voltage measuring preamplifier at the input terminals.
The input impedance characteristic of such a device is shown
in Figure A-4.

The minimum impedance is the series resonance
point and the maximum impedance is the parallel resonance
point. In order to obtain reasonable efficiencies, it is
necessary to drive the transducer at its series resonance
point and receive on the parallel resonance. One manufac-
turer states an efficiency of 5 percent is good, but various
papers on the subject give efficiencies of 15 percent or
higher. 1In order for a conservative estimate, an efficiency
of conversion of electrical to acoustic energy has been
assumed to be approximately 10 percent. By having the
receiver and transmitter crystal with the same resonant fre-
guencies, a bandpass characteristic can be achieved which
appears capable of bandwidths of at least 4 kHz at low fre-
quencies and probably as high as 12 kHz at 100 kHz carrier
frequency.

SYSTEMS CONSIDERATIONS

Inside of the armored vehicle, the transducers
must cover approximately a sphere although reverberation
should allow for some dead spots in the coverage. The back-
ground noise inside the armored vehicle is very high.
Measurements were taken on a German tank traveling 38 miles
per hour over a concrete road. The background ncise spectrum
is shown in Figure A-5. This is a power density spectrum
based on a € kHz bandwidth. Data on American vehicles is not
available; however, it is assumed that the noise data would
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Figure A-3. Equivalent Electrical Circuit for a Piezoelectric Transducer
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Figure A=-4. Typical Input Impedance Characteristics of a Piezoelectric
Transducer
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be similar to that of the German vehicles. With the new
generation of tracked vehicles that are faster and lighter,
the ambient noise is expected to increase. If a signal noise
ratio of 10 dB is assumed and if the transducer is assumed to
radiate equally in all directions, and if maximum distance of
transmission inside the armored vehicle is five feet, the
power frequency curve shown in Figure A-6 results. Power is
the acoustic power out. Assuming an efficiency of the trans-
ducer of 10 percent means that all of the power values have
to be multiplied by 10 for electrical power input. It is
assumed that the maximum electrical power is 1 watt. This is
for two reasons: possible deleterious effect on personnel
and the total power drain. Using an acoustic power of 0.1
watt, a frequency of 60 kHz is obtained from Figure A-6. It
is, therefore, proposed that the carrier frequency be 60 kHz
and that single sideband operation be used since it is dif-
ficult to achieve the widebandwidth necessary to support the
sidebands if double sideband is used. With 6 kHz audio band-
width, a double sideband requires a 12 kHz bandwidth which
although feasible with transducers over 100 kHz, is not
feasible at 60 kHz. Preliminary study shows that 6 kHz can
be achieved with a properly designed transducer at 60 kHz.

If carrier suppressed double sideband modulation is used, the
transducer characteristic can eliminate the lower sideband.

Multipath problems exist inside the tank.
Normally in a reverberation environment, the multipath is so
high that the small variations that occur in the spectrum
produce little or no distortion. Unfortunately, at frequen-
cies such as 60 kHz, the air attenuation reduces the multi-
path to the point where significant variations occur in the
frequency spectrum. Standard Elektrik Lorenz (SEL) has made
measurements that indicated at 70 kHz the distortion of 10 to
20 percent can exist.

A typical air attenuation curve is shown in
Figure A-7. It should be pointed out that between 20 kHz and
100 kHz the curve is widely variable depending upon the
amount of moisture in the air. The peak attenuation tends to
occur at about 20 percent humidity. The curve shown is very
close to the peak attenuation. With very dry air, the atte-
nuation is considerably less as shown by the dashed curve.

The propagation outside of the vehicle has the
problem that the air attenuation is extreme at the higher
frequencies. The attenuation includes not only the geometric
attenuation, which is a 6 dB fall-off for every doubling of
distance, but also the air attenuation as shown in Figure A-
7. Figure A-8 shows attenuation for various frequencies as
well as the geometrical attenuation only curve. The required
acoustic power versus distance assuming a 40 dB background
noise environment is shown in Figure A-9. From this figure,
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Acoustic Power for Transmission Inside an Armored Vehicle
for a S/N Ratio at the Receiver of 10 dB in a Noise
Environment Equivalent to Figure A-5.
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Sound Attenuation in Air (Pressure = 76 mm of Hg,
Temperature = 26.5°, Relative Humidity = 37%). From
Sivian, J. Journal Acoust. Soc. Am., Vol. 19, p. 914
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it can be seen that it is virtually impossible to transmit 50
meters with any frequency greater than 20 kHz. If distances
on the order of 50 meters are desired, the frequency used for
transmission used inside the vehicle cannot be used outside
the vehicle. The frequency of 60 kHz gives very little
transmission distance outside the vehicle. One item is not
known at this time and that is the background noise environ-
ment that exists at the ultrasonic frequencies. It is
possible that the 40 dB figure is too high. Assuming that it
is, the ultimate sensitivity of the receiver becomes a
problem. This sensitivity can be calculated based upon the
input resistance of the preamplifier connected to the trans-
ducer. A figure of about 24 dB of noise is possible under
these conditions. This means the curve shown in Figure A-9
can be lowered by a factor of 40:1. The 20 kHz curve shows
that it takes 2 watts of power to transmit 50 meters. Since
the maximum power that was desired is on the order of 1/10 of
a watt, 50 meters would not be achievable; however, if the
background environmental noise is not a factor and instead
the basic resistor noise is the limitation, then instead of 2
watts, it would only take 0.05 watt and 20 kHz becomes a
reasonable frequency to transmit 50 meters.

One of the problems at this low carrier frequency
is achieving the necessary bandwidth. The transducers used
tend to be high Q and is doubtful that 6 kHz can be achieved
at 20 kHz. GTE achieved 3.7 kHz using TV control unit trans-
ducers. However, it is questionable that the 6 kHz bandwidth
has to be maintained for transmission outside the tank. The
individual would not be outside the tank under conditions of
high audio noise environment; so that the added bandwidth for
intelligibility is probably not necessary.

The other factor is whether the enemy can pick up
the acoustic transmissions. One of the advantages of ultra-
sonic transmission outside the vehicle is that of the atte-
nuation due to the air on a per unit distance basis. For
example, at 20 kHz the attenuation per foot is 0.2 dB (dry
air = 0.020 dB/ft). This means that at 300 meters, the
signal would be further attenuated 164 dB (16.4 dB in dry
air) due to the air plus another 15.6 dB due to the geometri-
cal attenuation for a total of 179.6 dB (32 dB). Assuming
that the enemy has the same sensitivity receiver, he must
have approximately 9 x 10 7 (1600) times the area of trans-
ducer that is located on our receiver (a parabolic reflector).
This is possible in dry air only, but doubtful. If one is
willing to accept somewhat shorter distances, the air attenu-
ation can make the transmissions extremely secure. For
example, at 30 kHz it is possible to transmit probably
slightly in excess of 35 meters, assuming that the back-
ground noise is less than 20 dB. Attenuation per foot at 30
kHz is 0.35 dB (0.045 dB in dry air) as compared to 0.2 dB
for 20 kHz.
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Further, the transmission is less so that at 300 meters,
there would be approximately 50 dB of excess attenuation in
dry air or a ratio of areas of 10°:1. It appears that the
transmission outside the vehicle will have to be at a fre-
guency somewhere between 20 and 30 kHz if anywhere close to
the 50 meters is achieved.

It is envisioned that the system would consist of
two separate systems; one for inside the armored vehicle and
one for outside. 1Inside, the transducers would be mounted on
the helmet. With a 60° beamwidth, it would take six trans-
ducers arranged around the periphery of the helmet to give
the proper coverage. These transducers would take approxi-
mately 1 watt of electrical power in the transmission mode.
The same transducers could be used for the receiving function
if the switching can be achieved. A carrier frequency of 60
kHz would be used. The bandwidth would be achieved by the
combined receiver/transmitter characteristics. The signal
would be double sideband carrier suppressed modulation with
the lower sideband eliminated by the attenuation charac-
teristics of the transmitter and receiver. The transmitting
and receiving elements of the station located on the vehicle
periphery would have to be arranged equally around the
periphery of the armored vehicle. Six would be sufficient to
achieve the coverage necessary. For operation outside the
vehicle, the transducer used would be of the flextural mode
type and it is doubtful whether these transducers could
withstand normal battle conditions. Therefore, they would
have to be on a unit that would be located outside the
vehicle when it is desired to transmit outside. In order to
achieve a reasonable distance of transmission from the
vehicle, a carrier frequency on the order of 20-30 kHz would
have to be used with a bandwidth probably under 6 kHz but at
least in excess of 3 kHz. The same method of transmission
and modulation would be used as is used inside except with a
different carrier frequency. This would reguire separate
transducers and it means the individuals going outside the
tank would have to change transducers for this purpose. The
only way around this problem is to use directional type
transmission which would require the individual to point
toward the tank. It is assumed sufficient power could be
generated within the tank to provide sufficient transmitting
power in a 360° azimuth. Depending upon the degree of
security of transmission desired would tend to determine
whether the frequency is closer to 20 kHz or closer to 30
kHz. Overall, the ultrasonic method provides the greatest
security to interception by the enemy.
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